Abstract. Not only has the wireless sensor network been a rapidly growing research and commercial development, but it has also been widely used in a variety of realms. Among all the challenging issues of WSNs, the deployment of nodes stands out as an important role for it has a critical influence on area or target coverage, network connectivity, network lifetime, etc. This paper explores classifications of node and deployment strategies from different angles, analyzing its impacts on the performance of a WSN.
Introduction
A wireless sensor network (WSN) is generally described as a network of nodes that corporately monitor physical of environmental conditions. In a WSN, deployment is an approach by which sensor nodes are placed in the given area to achieve certain goals. It determines parameters and affects many aspects of the network in a large extent. To get a fully understanding of its importance and basic strategies, the rest of the paper is organized as follows: the next section is dedicated to introduce the things that are deployed-nodes. In section 3, we present different strategies of deployment classified according to a range of criteria and evaluate their performance. Finally, Section 4 concludes the paper.
Wireless Sensor Nodes
A wireless sensor node is the unit of a WSN. We classified nodes into different categories of various types.
Basic Categories
For any beginning learner of a WSN, nodes are divided into four types: sensing nodes, relay nodes, cluster heads and base stations.  Sensing node: A sensing node can monitor a region or target of interest and transmit the collected information.

Relay node: To eliminate the routing load unbalance among sensing nodes, one approach is to deploy a small number of relay nodes acting as routing nodes in WSNs. Positioning of relay nodes has been considered as a means for establishing an efficient network topology 1.  Cluster head: A scalable WSN will be partition into several disjoint parts called clusters, each of which has one designated cluster head and several cluster members. Careful positioning of cluster heads in a WSN has been deemed an effective strategy for establishing an efficient network topology.  Base station: A base station is a transceiver where sensing data are collected and aggregated at. Most published approaches for cluster heads placement apply to base stations for the same network model, and vice versa.
Static Nodes and Mobile Nodes
According to whether a node has the movement capability, wireless sensors can be divided into fixed nodes and mobile nodes.  Static node: A static node, also be known as a fixed or stationary node. Typically, these sensor nodes do not move once they are deployed.  Mobile node: A mobile node not only has all the features of the fixed nodes, but also has some mobility.
Strategies of Deployment
Deployment of nodes in WSNs refers to the placement of nodes to forming the desired network. The sensor node deployment can be divided into static and mobile deployment according to whether there are mobile nodes in WSNs.
Static Deployment
Static deployment is an approach by which the locations of nodes do not change after they were placed in the area to be monitored. Static deployment is divided into two categories according to the accessibility of the monitored area, costs of deployment and objectives of applications, (1) deterministic deployment in a controlled and human-friendly environment with relatively expensive sensors and (2) random deployment in a dangerous and inaccessible region with cheaper sensors 2.
Deterministic Deployment
The deterministic deployment, also known as controlled deployment, is to deterministically place the sensor nodes in order to meet the desired performance goals. Deterministic node deployment is viable and often necessary when sensors are expensive or when their operation is significantly affected by their position.
Random Deployment
In other cases, if the location of most nodes cannot accurately determined, the only option is random deployment. When the price of sensor nodes is cheaper and the area is dangerous, this approach is rational and feasible. In these applications, density of the sensor is an important parameter.
Mobile Deployment
In contrast to static deployment, mobile deployment using nodes with the capability of moving. Such networks usually are capable of self-deployment starting from an initial configuration. The nodes would spread out such that coverage in the sensing field is maximized while maintaining network connectivity.
Indoor and Outdoor Deployment
Depending on where nodes are placed, deployment are classified in three categories; (1) outdoor, (2) indoor, and (3) indoor and outdoor. Indoor and outdoor deployment is wildly used in environment monitoring applications for humidity or air quality and smart building/home. Existing WSN based environment monitoring systems can also be categorized into indoor, outdoor, and greenhouse based on their deployment areas 3.
Two-dimensional and Three-dimensional Deployment
According to whether nodes are placed in a two dimensional plane or a three dimensional space, deployment can be classified into two-dimensional deployment and three-dimensional deployment. In most of the applications, two-dimensional deployment of wireless sensor nodes is assumed, where height is considered negligible, like in terrestrial networks. However, in practical scenarios, three-dimensional deployment is more feasible and realistic in ocean column monitoring, under-ground tunnels and other space applications. In such cases, the area of interest needs to be studied as three dimensional space, being more representative, practical and equivalent to the real world. In three-dimensional space, the localization problem can be abstracted as a three-dimensional sphere coverage issue 4. When deploying an indoor 3D WSN, it is important to be able to determine positions of the sensor nodes that achieve the fullcoverage of the target space and the connectivity between the sensor nodes with the minimum deployment cost. The sensor node deployment problem for 3D coverage and connectivity is NP-hard even without obstacles in the target field 5.
Both two-dimensional and three-dimensional deployment share the probabilistic sensing model 67which can be taken as an extension of the binary disc sensing model. Assume sensor is deployed at point . For any point P at , the coverage of node on point P can be denoted as the following formula:
Advanced Science and Technology Letters Vol.138 (ISI 2016) Where denotes the Euclidean distance between node and P; λ and β are the coefficients related with the sensing probability, whose values are set to be 0.5 and 1, respectively; r is the sensing range; and is the error of sensing range. Compared with the conventional binary disk model, the probabilistic sensing model is capable of capturing the sensing uncertainties often encountered in real-world WSN applications 7.
Conclusion
This paper intends to help new researchers entering the domain of WSNs by providing a comprehensive survey on deployment strategies. Sensor deployment strategies play a very important role in providing better QoS, which relates to the issue of how well each point in the sensing field is covered. Challenges also arise because topological information about a sensing field is rarely available and such information may change over time in the presence of obstacles.
